Plant growth-promoting rhizobacteria (PGPR) are free-living bacteria which actively colonize 10 plant roots, exerting beneficial effects on plant development. The PGPR may (i) promote the 11 plant growth either by using their own metabolism (solubilising phosphates, producing 12 hormones or fixing nitrogen) or directly affecting the plant metabolism (increasing the uptake 13 of water and minerals), enhancing root development, increasing the enzymatic activity of the 14 plant or "helping" other beneficial microorganisms to enhance their action on the plants; (ii) 15 or may promote the plant growth by suppressing plant pathogens. These abilities are of great 16 agriculture importance in terms of improving soil fertility and crop yield, thus reducing the 17 negative impact of chemical fertilizers on the environment. The progress in the last decade in 18 using PGPR in a variety of plants (maize, rice, wheat, soybean and bean) along with their 19 mechanism of action are summarized and discussed here. 20 21
enlargement and increase in root surface area of crop plants through enhanced formation of 23 lateral and adventitious roots (Salamone et al., 2005; Werner et al. 2003) . Some strains ofcytokinins (Glick , 2012; Salamone et al., 2001 ). However, a detailed understanding of the 1 role of PGPR-synthesized cytokinins and how their production is regulated is not currently 2 available. 3 It has recently been reported that some rhizobacteria promote plant growth by 4 releasing volatile signals (Ping and Boland, 2004) . The discovery of rhizobacterial-produced 5 volatile organic compounds (VOCs), like 2, 3-butanediol, acetoin, terpenes, jasmonates, etc., 6
constitutes an important mechanism for the elicitation of plant growth by rhizobacteria. The 7 synthesis of bioactive VOCs seems to be a strain-specific phenomenon. The VOCs produced 8 by the rhizobacteria can act as signalling molecule to mediate plant-microbe interactions as 9 volatiles produced by PGPR colonizing roots are generated at sufficient concentrations to 10 trigger the plant responses (Ryu et al. 2003) . However, more investigations into the volatile 11 components in plant-rhizobacteria system should follow. 12 13 
Biocontrol. 14
Plant growth promotion can be achieved indirectly through biocontrol activity against 15 plant pathogens. Several ways of controlling bacterial pathogens have been described in 16 PGPR. 17 nutrients, and colonisation sites; and a mechanism that develops production of extracellular 1 cell wall degrading enzymes such as chitinase and β-1,3-glucanase ( 
Systemic Response Induction. 9
Induced systemic resistance (ISR) and systemic acquired resistance (SAR), which are 10 part of plants systemic resistance responses, are activated by certain microorganism molecules 11 referred to as elicitors. The ISR is the phenomenon in which the interaction of some bacteria 12 with the plant root results in plant resistance to some pathogenic bacteria, viruses and fungi 13 (Lugtenberg and Kamilova, 2009 ). ISR is triggered by non-pathogenic microorganisms and 14 starts in the root, extending to the shoot, ( response is dependent on ethylene and jasmonic acid signalling in the plant (van Loon, 2007) . 16 In contrast, SAR is typically activated by necrotic pathogenic bacteria and the molecule that 17 plays a key role is salicylic acid (SA). However, both ISR and SAR can overlap in someISR has been reported as one of the mechanisms by which PGPR reduces plant disease 1 modulating the physical and biochemical properties of host plants (Pieterse et al., 2002) . The 2 first studies about this process were carried out by van Peer et al. (1991) . They inoculated 3 non-pathogenic Pseudomonas spp. on roots and observed the trigger of a plant-mediated 4 resistance response in above-ground plant parts. Since then, the ISR elicitation by PGPR as a 5 biocontrol method has been studied in many plant species such as bean, tomato, tobacco, 6 radish, cucumber and carnation (van Loon et al., 1998). Obviously, the easy handling of the 7
Arabidopsis thaliana plant is being the main model for PGPR-elicited ISR studies (Ruy et al., 8 2004) . ISR is characterized by a specificity relationship between plant and PGPR species. In 9 fact, a PGPR that produces ISR in one plant species may not do it in another. Several strains 10 from Pseudomonas, Bacillus and Azospirillum genera are the mayor group of PGPR that have 11 been described eliciting ISR response. There are other species included in the symbiotic group 12 of rhizobacteria that are used in coinoculations with different PGPR and can be involved in which specifically interfere in the QS systems of plant associated bacteria and, in any case, 24 depending on the bacterium being detected as a pathogen or as a beneficial microorganism the 25 molecule enhances or inhibits the phenotypes regulated by QS (Fig. 4) represents more than half of the world's total legume food production. 20
Having these data in mind, it is clear there would be worthwhile benefits from the use 21 of PGPR as inoculants, which would constitute a biological alternative for sustainable 22 production of these crops. seen that field application of P. fluorescens DR54 on maize increased plant growth and soil P 12 pools. Since these effects were observed primarily during the P-deficient treatment, the 13 authors suggested the use of P. fluorescens DR54 on P poor soils and concluded that P 14 fertilizers and PGPR should be applied separately. Rosas et al., (2009) studied the promotion 15 effect of P. aurantiaca SR1 on maize and wheat in field treatments that included phosphorus 16 and nitrogen fertilization Both crops, when inoculated with the SR1 strain, presented 17 significant promoting effect in growth parameters and higher yields with lower fertilization 18 doses than conventionally applied. 19
Several reports suggest the role of the genera Azospirillum, Achromobacter, 20
Burkholderia, and Arthrobacter as phytostimulator (Cassán et al., 2009 ). The positive effects 21 of these strains on shoot and root weight and nutrient uptake of maize plants show the 22 beneficial role of these PGPR, which might be attributed to phytohormone production, e.g. 23 IAA, and other activities like phosphorus solubilisation, or even other non-evaluated PGPR 24 traits that stimulate plant growth.
The bioprotective role of PGPR on maize crops has also been studied. The toxigenic 1 fungus Fusarium is one of the major genera associated with maize. Some PGPR such as B. 2 amyloliquefaciens and Microbacterium oleovorans were able to protect maize against F. (Table S1 ). 8
Thus, inoculation with B. cepacia SAOCV2 promotes the growth of common beans by 9 several mechanisms such as P mobilisation, increasing 44% the plant P content; and 10 promoting also antagonism towards the pathogenic species of Fusarium. Moreover, this result 11 is correlated with a larger number of nodules leading to an increase in N 2 fixation, and 12
indicates that the inhibition of fungal growth enhances the bacterial community in the plant 13 rhizosphere, including rhizobia (Peix et al., 2001 ). 14 communities can be affected by a wide range of factors, such as soil characteristics, plant type 1 or agronomic practices which determine the presence or predominance of determined types of 2 bacteria. It would be very useful to match correctly the appropriate PGPR with the right plant 3 and environmental condition to achieve the best results on plant growth. In this sense, more 4 effort should be done on the development of good inoculant delivery systems that facilitate 5 the environmental persistence of the PGPR and this fact would allow diminishing the amount 6 of cheminal fertilizers and pesticides used for enhance soil fertility and crop productivity. 
